A B S T R A C T The kallikrein-kinin system was characterized in seven patients with Bartter's syndrome on constant metabolic regimens before, during, and after treatment with prostaglandin synthetase inhibitors. Patients with Bartter's syndrome had high values for plasma bradykinin, plasma renin activity (PRA), urinary kallikrein, urinary immunoreactive prostaglandin E excretion, and urinary aldosterone; urinary kinins were subnormal and plasma prekallikrein was normal. Treatment with indomethacin or ibuprofen which decreased urinary immunoreactive prostaglandin E excretion by 67%, decreased mean PRA (patients recumbent) from 17.3+5.3 (S.E.M.) ng/ml per h to 3.3±1.1 ng/ml per h, mean plasma bradykinini (patients recumbent) from 15.4±4.4 ng/ml to 3.9±0.9 ng/ml, mean urinary kallikrein excretion from 24.8±3.2 tosyl-arginine-methyl ester units (TU)/ day to 12.4±2.0 TU/day, but increased mean urinary kinin excretion from 3.8±1.3 ,ug/day to 8.5±2.5 ,ug/day. Plasma prekallikrein remained unchanged at 1.4 TU/ml. Thus, with prostaglandin synthetase inhibition, values for uriniary kallikrein and kinin and plasma bradykinin returned to normal pari passu with changes in PRA, in aldosterone, and in prostaglandin E. The
INTRODUCTION
Bartter's syndrome is characterize(d by hypokalemiiie alkalosis, hyperreninemia, hyperaldosteronismn, and juxtaglomerular cell hyperplasia (1) . Patients with this syndrome have normal blood pressture, despite their hyperreninemia, and aldosteronism; their pressor response to intravenously administered angiotensin II or inorepinephrine is sul)normal (1, 2) . Voltume expanision with either saline or albumin does not change their blood pressure and does not suppress plasimia renin activity (PRA)' and aldosterone to normal values (3) . Wlhen their dietary sodium is restricted, they conserve sodium buit continuie to lose potassium (1) .
In recent studies in patients with Bartter's syndrome, Verberckmoes et al. (4) have found hyperplasia of renomeedullary cells and Gill anid associates (5) have showni that uirinary prostaglandini E is increased, presumab)ly as a result of inicreased synthetic activity of the renomeduillary cells. This group and others (6, 7) have shown that treatment with prostaglandin synthetase inhibitors corrects many of the metabolic and hormonal derangements in the syndrome.
Studies from several laboratories have inidicated that the vasodilator kallikrein-kinin system has several ' Abbreviations used in thtis paper: PGE2, prostaglandin E2; PRA, plasma reinin activity; TAMe, a-N-tosyl-L-arginine- interrelationships with the renin-angiotensin-aldosterone system and with prostaglandins. Bradykinin stimulates prostaglandin synthesis in blood vessels and in the kidney, probably by activating enzymes which make substrate available for prostaglandin synthetase (8) (9) (10) (11) . The response of plasma bradykinin to postural change, sodium depletion, and saline infusion parallels temporally the response of PRA and of angiotensin II (12) . Urinary kallikrein, which is derived from the kidney (13) , is increased in conditions in which sodiumretaining steroids are present in excess (14) (15) (16) (17) , but neither plasma nor urinary kinins are affected by sodium-retaining steroids (17) .
To study the interrelationships between these systems, we characterized the kallikrein-kinin system, renin-angiotensin-aldosterone system, and prostaglandins in seven patients with Bartter's syndrome before, during, and after prostaglandin synthetase inhibition.
METHODS
Clinical methods. Seven Caucasian women with Bartter's syndrome, ranging in age from 9 to 46 yr (30+16, mean +SD), were studied. All patients were hypokalemic, hyperreninemic, and had juxtaglomerular cell hyperplasia on renal biopsy, vascular hyposensitivity to inf'usions of angiotensin II, and conserved sodium normally in response to a low sodium intake. All patients but one have always been normotensive. The one exception has occasionally had elevated systolic blood pressures in the range of' 150-170 mm Hg, although the averages of' her systolic and diastolic pressures are 137/76 mm Hg. Six patients were fed constant diets containing 9 meq Na and 42-90 me(I K daily. The diets were supplemented with NaCl and KCl to yield a total intake of 109 meq Na and 250 to 270 me(q K daily. One patient, aged 9 yr, received a total intake of' 59 meq Na and 165 meq K daily. Fluid intake was constant and approximately 2,500 ml/day throughout the study. After 4 days of' control observations, a prostaglandin synthetase inhibitor was given. Indomethacin was administered to six patients for 7-9 days, followed by [4] [5] [6] [7] days of posttreatment observations. The dose of indomethacin was 150 mg/day except in two patients, one of whom was given only 112 mg/day because of marked sodium retention; the second vas given only 75 mg/day because she was a 9-yr-old girl who weighed only 17 kg. One patient received ibuprofen, 1,600 mg/day. 25 normal Caucasian women, ranging in age f'rom 19 to 58 yr (26+12 is mean+SD) were fed constant diets f'or 1 wk, containing 9 meq Na and 70 meq K daily. The diets were supplemented with 100 me(q NaCl and 30 me(q KCl daily.
Control observations were made on the 5th, 6th, and 7th days. 18 of these normal subjects were studied for 1 additional wk after withdrawal of the supplemental NaCl; six of' these normal subjects were repleted and then given a 9-meq sodium diet with indomethacin, 150 mg/day, given on days 5-7 of the diet. Comparisons were made between observations on days [5] [6] [7] of sodium depletion alone and soditum depletion plus indomethacin.
All subjects were hospitalized at the Clinical Center, National Institutes of Health, during the study. The protocols for these studies were approved by the Clinical Research Committee of the National Institutes of Health and all subjects gave informed consent in writing.
Biochemical methods. Urine was collected daily in 24-h periods and each voiding was e(qually divided into two polypropylene containers. One container had 20 ml 6 N HCl and 2 ml of a 0.1-mg/ml solution of pepstatin,2 in methanol, while the other container had no additives. Urine was refrigerated during collection and immediately divided into aliquots for measurement of sodium, potassium, creatinine, aldosterone, prostaglandin E, kallikrein, and kinins.
Sodium, potassium, and creatinine in blood and urine, and chloride and CO2 in blood, were determined by standard techniques as previously described (18) . Venous blood for the estimation of PRA by radioimmunoassay (19) , plasma bradykinin, and plasma prekallikrein, was taken between 8:00 a.m. and 9:00 a.m. when the patient had been recumbent overnight. Urinary aldosterone was determined by radioimmunoassay (20) . PRA was assayed by Hazelton Laboratories, Inc., Vienna, Va., under a special contract. Urinary immunoreactive prostaglandin E-like material was dletermined by a radioimmunoassay as recently reported (5) . This assay gives values that are 0.6-to 3.4-fold higher than those assayed by gas chromatography-mass spectroscopy in the basal state and from 1.25-to 13.7-fold higher with prostaglandin inhibition (5) . The reason for this discrepancy is unknown but is probably due to the presence of a prostaglandin or its metabolite as the levels of immunoreactive prostaglandin E are reduced to a similar extent in either assay by treatment of these patients with prostaglandin synthesis inhibitors (5).
Urinary kallikrein. Aliquots of urine were stored under toluene at 4°C. At the completion of each individual study, samples were assayed in duplicate by a modification (21) of the radiochemical esterolytic method of Beaven et al. (22) . The esterolytic activity of urine filtered through Sephadex G-25 (fine) (Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) was determined with purified a-N-tosyl-L-arginine-[3H]-methyl-ester (TAMe) as the substrate. The major TAMe esterase in human urine at the pH of this assay is kallikrein (14) ; the specificity of this assay has been confirmed by bioassay (14) . In this study, esterase activity was identified as kallikrein in four patients with Bartter's syndrome and in four normal subjects; antibodies to either human urinary kallikrein or human kininogen were covalently bound to agarose.3 When 0.40 ml of urine was applied to 25 ,ul of agarose, covalently bound to kallikrein antibody, only 12.0+2.5% (mean±SEM) of the esterase activity in the urine of patients wvith Bartter's syndrome was eluted. Similarly, 10.0 ± 1.5% of the esterase activity of urine from the normal subjects was eluted from this column. In contrast, all esterase activity (99.0±2.5%) was eluted from the column containing antibody to kininogen. Thus, as previously demonstrated by bioassay, the major TAMe esterase in human urine is kallikreini. Standard curves of esterase activity were constructed for each assay with a functionally pure human urinary kallikrein standard (22 (25) . The sample was then adjusted to pH 4.0 and placed over a 0.7 x 1.5-cm IRC-50 (100-200 mesh) column e(quilibrated in 0.1 N acetic acid (23) . The initial effluent was discarded as well as the subsequent 3-ml wash with 0.1 N acetic acid. Bradykinin was then eluted with 5 ml 9 N acetic acid into a siliconized glass tube and flash evaporated at 400C. The dried sample was reconstituted in 0.5 ml buffer used in the radioimmunoassay (0.2 M Tris-acetate buffer, pH 6.4, with 0.1 M EDTA and 1 mg/ml lysozyme). A 0.1-ml aliquot was used to determine the recovery of [3H]bradykinin after processing. MIean recovery for 49 samples was 59±9% (mean±SD).
Processed samples were stored in 1.5-ml microtest tubes (Brinkmann Instruments, Inc., Westbury, N. Y.) at -20°C before assay and were stable for at least 1 mo. Samples were assayed at the completion of each individual study.
Urine collection and processingfor urinary kinins. Urine was collected in 6 N HCl to destroy kininases and in pepstatin to inhibit uropepsin, a urinary enzyme that has been shown to generate methionyl-lysyl-bradykinin in urine at pH 1 to 2 in vitro; urine, collected in pepstatin, does not contain methionyl-lysyl-bradykinin (26) . Samples were stored at -20°C and were measured at the completion of each individual study. Urinary kinins, lysyl-bradykinin and bradykinin (27) , are stable for up to 1 yr under these conditions. Before assay, urine was thawed adjusted to pH 6.4 and centrifuged at 12,000 g for 10 min.
Bradykinin radioimmunoassay. Urinary kinins and plasma bradykinin were determined by the same radioimmunoassay. The antibody was kindly supplied by Dr.
J. V. Pierce who prepared it by immunization of sheep with highly purified humain plasma low molecular weight kininogen I (27) in which the kinin moiety is at the carboxy terminus. This antibody, which was directed primarily to the C-terminal bradykinin moiety, had the following features. (a) It had essentially the same reactivity with bradykinin as with lysyl-bradykinin (the two kinins found in vivo in human urine) and methionyl-lysyl-bradykinin over a 0.04 to 2.0 pmol range; thus, this antibody gives a measure of total urinary kinins. (b) Kinin fragments consisting of amino acid residues 1-4, 1-6, 1-7, 4-7, 3-7, 2-7 were undetectable at the 100-pmol level, but 100 pmol of fragment 1-8 gave the same displacement as 0.25 pmol bradykinin. (c) Its binding by the bradykinin moiety in low molecular weight kininogen I was only 5% of that by the bradykinin released by a similar amount of low molecular weight kininogen I; it did not significantly bind to other forms of kininogen.
The weak binding of kininogen I, which comprises about 20% of the total plasma pool, is inconsequential, as samples are processed to contain virtually no kininogen. Also, the mean value for kinin in 10 urine samples assayed by bioassay with the guinea pig ileum (19.7+2.7 ,ug/day) was similar to that obtained by our radioimmunoassay (20.9+2. 4 ,tg/day). Agreement between bioassay and radioimmunoassay was very good and showed a correlation coefficient (r) of' 0.86 (P < 0.001) for these few samples.
Tyrosine-8-bradykinin (New England Nuclear, Boston, Mass.) was iodinated monthly with 1251 by the chloramine-T method4 and stored at -70°C in Tris buffer, pH 6.4, with 1 mg/ml lysozyme. Bradykinin standard was kindly supplied by Sandoz Ltd., Basel, Switzerland. Its purity and concentration were confirmed by amino acid analysis and bioassay in this laboratory.
In the radioimmunoassay each tube contained a total volume of 0.7 ml which consisted of 0.2 ml 1251-tryosine-8-bradykinin (13, 
RESULTS

Metabolic effects of prostaglandin synthetase inhibition
The plan of the study and the effects of prostaglandin synthetase inhibition on these patients are presented in Fig. 1 . In the control period, mean serum potassium was 2.4±+0.2 meq/liter, (mean±SEM), mean PRA (patients recumbent) was 17.3±5.3 ng/ml per h (16 normal recumbent subjects on 109 meq Na intake had a value of 1.4±0.2 ng/ml per h) and mean urinary aldosterone was 12.0±5.1 0g/day (19 normal subjects on 109 meq Na intake excreted 4.5±0.5 ,ug/day.) Blood pressure with patients supine was 107/70±6/3 mm Hg. In addition, as recently reported (5) mean urinary immunoreactive prostaglandin E excretion (UiPGEV) was elevated to 70± 11 ng/h as compared to that of normal subjects, who excreted 29 ± 5 ng/h when fed a diet with 109 meq Na/day.
During prostaglandin synthetase inhibition there was an abrupt reduction of UiPGEV to 48% of control (P < 0.005) on the first day, and UiPGEV remained at 33 to 38% of control throughout the treatment period. There was significant retention of 51 meq sodium on the 1st (P < 0.005) and 45 meq sodium on the 2nd (P < 0.02) days of therapy. There was an increase in weight of 0.9±0.2 kg on the 1st day (P < 0.005) and of 1.8±0.4 kg by the 5th day. Simultaneous with this early sodium retention, there was significant retention of 87 meq potassium on the 1st (P < 0.02) and 45 meq on the 2nd (P < 0.05) day. Mean serum potassium rose from 2.4±0.2 meq/liter to 3.2±0.3 meq/liter on the first day (P < 0.02) and remained elevated throughout treatment at a level of about 3.0 ±0.1 meq/liter. Serum CO2 (not shown) fell, serum chloride rose, and serum sodium was unchanged during treatment. Mean creatinine clearance was significantly reduced (P < 0.05) only on the 1st 3 days of treatment by 23, 15 , and 10%, respectively. In addition to these effects of prostaglandin synthetase inhibition, there was an early reduction of mean PRA (patients recumbent) from a control value of 17.3±5.3 ng/ml per h to 8.1 ±3.9 ng/ml per h (P < 0.05) (mean of the 1st and 2nd days of treatment), and to 3.3±1.1 ng/ml per h (P < 0.025) on the 6th and 7th days. The reduction in PRA was followed by a significant reduction in aldosterone excretion on the 4th through 7th days of treatment. Blood pressure was not significantly changed.
When the prostaglandin synthetase inhibitor was stopped, there was a brisk return of prostaglandin E excretion to 77±9% and 108±11% of control on the 1st and 2nd days, respectively, and urinary sodium excretion on these 2 of treatment (P < 0.05). With this natriuresis, weight, urinary potassium, serum potassium, aldosterone excretion, and PRA returned to control values. In Table I , the mean values in six normal subjects on days 5-7 of 9-meq/day sodium intake are compared to the mean values during indomethacin on days 5-7 of sodium depletion. During indomethacin, UiPGEV, PRA, and aldosterone excretion rate were significantly lower than during sodium depletion alone. Unlike patients with Bartter's syndrome, however, these subjects demonstrated no significant change in creatinine clearance during indomethacin. Although potassium excretion was significantly less (P < 0.05), as was aldosterone excretion, this was minor and had no effect on serum potassium.
Kallikrein-kinin system, basal values
Urinary kallikrein ( Fig. 2A) . Mean urinary kallikrein of 25 normal subjects with daily dietary intakes of 109 meq Na and 100 meq K was 8.2+7.4 TU/day (mean+2 SD). These values are similar to those re- 18 normal subjects who were depleted of sodium (9 meq Na diet for at least 5 days) increased their mean kallikrein excretion more than twofold, the patients with Bartter's syndrome still excreted significantly more kallikrein (P < 0.05).
Urinary kinin excretion (Fig. 2B) Plasma bradykinin (Fig. 2C) . Mean plasma bradykinin for the 19 normal subjects on an intake of 109 meq Na and 100 me(q K was 2.95± 1.75 ng/ml (±2 SD). These values are similar to those reported by Talamo et al. (24) . All patients but one with the syndrome had values above this range with a mean of 13.2±4.2 ng/ml (P < 0.001). Although 14 sodiumldepleted normal subjects had a mean plasmiia bradykinin (6.0±0.9 ng/ml), which was significantly (P < 0.05) higher than that in their sodiumni-replete state, it was still lower (P < 0.05) than the values in the patients with Bartter's syndrome.
Plasma prekallikrein. In 12 normal subjects plasma prekallikrein averaged 1.3±0.4 TU/ml (mean±2 SD) on daily Na intakes of 109 me(q Na and 100 me(q K/day and 1.4±0.1 on daily Na intakes of 9 mde/day. These values are similar to those reported by Imaniari et al. Kallikrein-kinin system, prostaglandin synthetase inhibition
The effects of prostaglandin synthetase inhibition on the urinary and plasma kallikreini-kinini system of each patient with Bartter's syndromiie are plotted in Fig. 3 45 -and the eff'ects on daily mean kallikrein anid kininl * excretion are shown in Fig. 1 . The efl'ects of' indomethacin on the kallikrein-kinin systeimi of' six sodlitumdepleted normal subjects are presenited in Table I ,Ag/day (Fig. 3) . The increase in urinary kinin excretion ( Fig. 1 Plasma bradykinin (Fig. 3) . Mean plasma bradykinin during the latter part of prostaglandin synthetase inhibition (days 4-7) was markedly reduced from a control value of 15.2±4.4 ng/ml to a normal value of 3.9±0.9 ng/ml (P < 0.05) in the six patients with Bartter's syndrome in whom it was measured. Mean plasma bradykinin in recumbent or upright normal subjects was not significantly affected by treatment with indomethacin.
Plasnma prekallikrein. Mean plasma prekallikrein was 1.4+±0.2 TU/ml in the latter half of treatment and thus not different from the control value of' 1.4+0.1 TU/ml.
DISCUSSION
In this study, PRA and bradykinin and urinary kallikrein, aldosterone, and immunoreactive prostaglandin E were elevated in patients with Bartter's syndrome. Despite increased excretion of kallikrein, urinary kinin was subnormal. Inhibition of prostaglandin synthesis restored to normal PRA, plasma bradykinin, urinary kallikrein, kinin, aldosterone, and UiPGEV. The rise in kinin excretion occurred despite a decrease in kallikrein excretion. Prostaglandin inhibition also decreased creatinine clearance, produced sodium and potassium retention and weight gain, and partially corrected the hypokalemic alkalosis that characterizes the syndrome. Prostaglandin inhibition in sodium-depleted normal man decreased UiPGEV, PRA, aldosterone, and urinary kallikrein but did not affect plasma or urinary kinins, sodium excretion, creatinine clearances, or serum potassium.
Bradykinin, a potent vasodilator peptide, is generated by a limited proteolytic system analogous to the renin-angiotensin system (29) . The proteolytic enzyme, kallikrein, generates bradykinin from precursor proteins, kininogens; it thus resembles renin, which generates angiotensin I from angiotensinogen. Whereas the potent vasodilatory eff'ects of kinins are partly mediated by prostaglandins (30) (31) (32) (bradykinin stimulates synthesis of' prostaglandins and bradykinininduced vasodilatation is attenuated by prostaglandin synthetase inhibition) the vasoconstrictor effects of angiotensin IL are attenuated by prostaglandins (32, 33) . Current concepts regarding the interplay of these vasoactive systems suggest that the interaction of bradykinin and the prostaglandins may modulate the vasoconstrictor effects of angiotensin II. That the kallikrein-kinin system exists in glands (e.g., exocrine glands and kidneys), and plasma as separate systems, is supported by the f'ollowing evidence. (a) Glandular kallikrein is not normally found in plasma (29) . (b) Enzyme kinetic studies of human plasma prekallikrein show that high molecular weight kininogen (mol wt = 200,000) is hydrolyzed much more rapidly than low molecular weight kininogen (mol wt = 50,000), whereas both substrates are hydrolyzed e(qually well by human urinary kallikrein (34 (35) (13), is located on the luiminal sturface of distal tubular cells (36, 37) , and is released into urine (13) . Bradykinin infused into a renal artery is hydrolyzed by proximal tubule cells and is poorly recovered in urine (38) , and this suggests that urinary kinins probably originate in the distal tubufle fluiid and not from filtered plasma bradykinin (38, 39) . If uriniary kinins do originate in the dlistal tuibuile as the above evidence stuggests, this wouild argtue against degradation by kininases or net realbsorption of kinins in distal tubular fluiid (39) . Unlike that in blood, kininiase activity in humani urinie is low; only 50% of [3H]bradykinin incuibated in hutman tirine at 37°C is destroyed in 8 h (unpublished observation). Thuis, it is likely that wheni samiiples are properly collectedl and assayed, the measuremiient of urinary kinins represenits the net exeretioni of mostly unmetabolized bradykinin and lysyl-bradykinin that are generated in the distal tubule. Althotugh kallikrein has been localized in the renal tubule, the mechaniisms which make substrate available to kallikreiin in the clistal tubule anid those f:actors which may alter the fate of kinins generated in the distal tubule are unknown.
The high levels of plasma bradykinin observed in Bartter's syndrome may partly account for the resistance to the pressor action of angiotensin II and the persisteinee of normal blood pressure in these severely hyperreninemic patients. When the patients with Bartter's syndrome were treated with prostaglandin synithetase inhibitors, their renini activity was markedly suppressed but their blood pressure did not change. This paradox mlay be explained by the decrease of plasma renini and plasma bradykinin pari passu (luring prostaglandin inhibition, so that pressor and depressor effects were diminiished simultaneously.
The mechainismn by which basal plasmiia bradykinin is elevated and then altered by prostaglan(lin inhibitors in Bartter's syndromiie is not known. Although other studies have indicated a parallelism between changes of plasma bradykininl and those of plasma angiotensin II or renin activity in response to changes of' posture, salt depletion, or saline infusioni in normal subjects (12, 17) , in the present study, treatmlent of' normal subjects with indomethacin decreased PRA but did not affect plasma bradykinin (Table I) . This difference in the response of' plasma bradykinin in normal subjects and in patients with Bartter's syndrome may be attrib)uted to the mtuch higher basal valtues of plasma bradykiniin and( PRA in the patients with Bartter's syndromiie (Fig. 1, Table I ). Al (42) which are more important in the destruietioni of' plasma bradykinin (43) . In(leed, in 10 hypertenesive patienits with tune(quiivocal biochemical evidenee of converting enzymiie inhibition with SQ20881, plasmiia bradykinini wasi not change(d (44) . Thus, it appears unlikely that the high levels of bradykiniin restult from inhibition of' converting einzymej by elevatedl endogeniouis levels of angiotensin I. Whatever the mechaniismi f{or the iniereased bradykinin it is likely that it modulates the pressor activity of' angiotensin II in this syndromle.
Urinary kallikrein exeretioni is inereased in conditions in which soditum-retaining steroids are presenit in excess (14) (15) (16) (17) . Consistent with this observation are the report by Lechi et al. (45) and otir presenit findings that patients with Bartter's syndrome excrete more kallikreini than normiial subjects. Indeed, patients with Bartter's syndrome excreted three times as mutchi kallikrein as soditum-replete normal subjects, but only one-third more than sodiulm-depleted normal subjects. Wheni renal prostaglaindini synithesis was inhibited in patients with this syndromiie, urinary kallikrein decrease(l slowly and simiiultanieouisly with the fall in aldosterone excretion (Fig. 1) . WhenI prostaglandin synthetase inhibitor was stoppedl, turinary kallikrein was slower to retuirn to control than aldosterone. In those subjects followed for longer periods, kallikrein excretion returned to control values. (It has been our experience that kallikreiin often lags behind changes in aldosterone by as muchl as 2-3 days.)
In normal subjects, both kallikrein and aldosteronie excretion were lower during indomethacin. These data further support the observation, as yet unlexplained, that prodtuction of' urinary kallikrein dependIs, in part, uipon the action of' aldosterone.
To our kinowledge, aIn abnormality in uirinary kininis has not been reported. In patients with Bartter's syndrome, urinary kinin.s are not only abnormal, blt also appear to reflect the severity of hormonal derangements and the response to prostaglandin inhibitors. The finding in this syndrome of values for urinary kinin one-third that of normal despite a very high urinary kallikrein is unexpected. This inverse relationship between urinary kallikrein and kinins was persistent: during prostaglandin synthetase inhibition kinin excretion rose abruptly as urinary kallikrein fell, and when treatment was stopped kinin excretion fell rapidly as urinary kallikrein slowly returned to control values. This inverse relationship between kallikrein and kinin suggests that other factors such as prostaglandins or prostaglandin-dependent renal changes control kinin excretion in this syndrome.
Patients with persistent psychogenic vomiting, hypokalemic alkalosis, hyperreninemia and vascular hyposensitivity to angiotensin II show excessive production of prostaglandin E2 (PGE2) (46) and low urinary kinins (unpublished observations). It is possible that hypokalemia per se and its associated renovascular and hormonal changes (47) , which are partly prostaglandin-dependent (47), accounted for the subnormal kinin excretion in this syndrome. It is unlikely, however that prostaglandins per se mediated the observed changes in kinin excretion in Bartter's syndrome as prostaglandin inhibition in normal subjects had no effect on kinin excretion, but they may have done so via changes in delivery of kininogen to the distal tubule where kallikrein is located, or in destruction by kininases or in the reabsorption of kinins.
Prostaglandin synthetase inhibition in these seven patients with Bartter's syndrome resulted in mean hormonal and metabolic changes that were similar to those in the four patients reported previously (5) . The abrupt decrease in iPGEV on the 1st day of treatment was associated with a decrease in creatinine clearance, retention of sodium, and gain in body weight. None of these changes were observed in normal subjects. As blood pressure did not change, renal vasoconstriction, which has been suggested to explain the decrease in renal blood flow observed to occur in response to inhibition of prostaglandin synthetase (48) , probably explains the decrease in creatinine clearance in patients with this syndrome. Such changes in renal hemodynamics, may have increased the proximal tubular reabsorption of sodium (49, 50) . The recent demonstration of PGE2 inhibits the transport of sodium in the collecting tubule of the rabbit (51) suggests that, if such an action exists in patients with Bartter's syndrome an increase in distal tubule reabsorption of sodium may also have contributed to the decrease in sodium excretion associated with prostaglandin inhibition. Whereas the data do not allow an assessment of the roles of proximal and distal tubular reabsorption of sodium in the retention of sodium, the observation that the excretion of potassium closely paralleled that of sodium (Fig. 1) could be explained as a result of changes in flow of tubular fluid past the potassium secretory site (52) produced by changes in glomerular filtration, proximal tubular reabsorption, or both.
The period of escape from the significant antinatriuretic and antikaliuretic effects of prostaglandin inhibition occurred after only 2 days of treatment. One determinant of this phenomenon may have been marked expansion of extracellular fluid which may have led to a decrease in proximal tubular reabsorption of sodium (53) . Another factor may have been the coincident increase in urinary kinins which occurred on the 3rd day of treatment. If kinins contributed to the escape from the antinatriuretic effects of prostaglandin inhibition, it is possible that they did so by inhibition of sodium reabsorption. Somewhat against the notion that this might occur in the distal tubule is the observation that distal fractional sodium chloride reabsorption during water diuresis in patients with Bartter's syndrome was not changed by treatment with indomethacin (46) .
Finally, the information presented can be used to address the possible pathophysiologic mechanisms of Bartter's syndrome. Although many of the hormonal abnormalities in Bartter's syndrome are directionally similar to those observed in sodium-depleted normals, it is unlikely that volume depletion is a major factor in the pathogenesis of this disorder because marked expansion of the extracellular fluid volume with saline or albumin does not correct the hormonal or metabolic derangements. Also, patients with Bartter's syndrome can conserve sodium normally in response to a low sodium intake but do continue to lose potassium (3). Whereas treatment of this disorder with prostaglandin inhibitors dramatically improved the hormonal and metabolic abnormalities it failed to fully correct the hypokalemia. Indeed, long-term treatment with these inhibitors does not completely correct the renal loss of potassium or hypokalemia, even when it restores plasma renin, aldosterone, and UiPGEV to normal (54) . These findings suggest that hypokalemia may cause rather than be caused by hyperreninemia and aldosteronism. In keeping with this formulation is the observation that bilateral adrenalectomy does not correct the hypokalemia in patients with Bartter's syndrome (55, 56) . Furthermore, hypokalemia in dogs caused increased excretion of prostaglandin E, elevated PRA, and hyposensitivity to angiotensin II infusions; indomethacin restored these abnormalities toward normal (47) . In addition, as mentioned previously, patients with persistent psychogenic vomiting, who were hypokalemic also showed increased excretion of PGE2, hyper-
The Kallikrein-Kinin System in Bartter's Syndrome reninemia, aldosteronism, low urinary kinins, and hyposensitivity to angiotensin II. Thus, the increased synthesis of prostaglandins in Bartter's syndrome is probably not the primary abnormality but secondary to hypokalemia.
Whereas hypokalemia is probably the most proximal abnormality in the pathogenesis of Bartter's syndrome, it is unlikely that it results from renal loss per se for two reasons: (a) primary potassitum deficiency tends to cause sodium retention (57), which does not occur in Bartter's syndrome, and (b) it is difficult to conceive of a mechanism which would allov the kidney to excrete inappropriately large quantities of potassium without an increase in distal tubular flow (52) as may occur with an inappropriately low fractional reabsorption of sodium chloride in the proximal tubule, in the loop of Henle, or in both. Thus, the findings in Bartter's syndrome are most consistent with a defect in the tubular reabsorption of sodium chloride as the most proximal cause of the syndromiie. Indeed, recent evidence, based on free water clearancee studies (46) , suggests the presence of a defect in chloride reabsorption in the ascending loop of Henle. This defect may promote potassium loss by enhancing distal tubular flow which increases potassitumii exchange and loss (46, 52, 58) .
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